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Conclusions: Our results clearly illustrate that not all brands of CS act
similarly: depending on their origin and purity some may be highly
efﬁcacious while others may even induce unwanted effects. Thus, the
use of pharmaceutical-grade CS is strongly recommended. Finally, this
study also indicates that proteomic analysis is a promising approach for
further anti-OA drugs screening.
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STRATEGIES FOR OPTIMISING PROTEOMIC STUDIES OF THE
CARTILAGE SECRETOME: ESTABLISHING THE TIME COURSE FOR
PROTEIN RELEASE AND EVALUATING RESPONSES OF EXPLANT
CULTURES TO IL-1b, TNF-a AND CARPROFEN
A. Williams1, J.R. Smith2, D. Allaway3, P. Harris3, S. Liddell1,
A. Mobasheri1. 1Univ. of Nottingham, Sutton Bonington, United Kingdom;
2Bruker UK Limited, Coventry, United Kingdom; 3WALTHAM Ctr. for Pet
Nutrition, Waltham-on-the-Wolds, United Kingdom
Purpose: This study exploited an explant culture model of articular
cartilage to examine the time course of protein release in the secretome
in response to pro-inﬂammatory cytokines and a non-steroidal anti-
inﬂammatory drug. Aggregating proteoglycans and smaller matrix
proteins such as cartilage oligomeric matrix protein (COMP), decorin
and biglycan are continuously released from this model but their high
abundance interferes with the dynamic range of gel-based separation and
detection techniques and downstream identiﬁcation of lower abundance
molecules. Our aim was to investigate the order and timing of protein
release and determine the optimal time point where the release of these
abundant molecules decreases sufﬁciently, allowing more in-depth high-
throughput analysis in subsequent studies.
Methods: Cartilage was obtained from animals euthanized for purposes
other than research. Explant cultures of equine articular cartilage were
established from metacarpophalangeal joints of 3 horses. Full depth
cartilage shavings were excised and washed with PBS (containing 10%
penicillin/streptomycin). Explant discs were prepared using a 3mm
biopsy punch and pre-incubated in serum-free DMEM supplemented
with 2% penicillin/streptomycin (15 discs per 3ml media) in a CO2
incubator for 24 hours at 37°C. Explants were incubated alone (control
media), or with recombinant IL-1b alone or in combination with TNF-a
(each at 10ng/ml), the non-steroidal anti-inﬂammatory drug carprofen
(Rimadyl, Pﬁzer Animal Health, 100mg/ml) or carprofen with IL-1b and
TNF-a combined (100mg/ml and 10ng/ml respectively). Supernatants
were removed every three days and replaced with fresh experimental
media at various time points (every 24 hours for 3 days, and every 3 days
thereafter, up to 27 days), to monitor the progression of protein release.
Proteins in the secretome were separated by SDS-PAGE and silver stained
before identiﬁcation using nanoLC-ESI-MS/MS analysis.
Fig. 1.
Results: Figure 1 illustrates the time course of protein release from
cartilage explants over a period of 27 days in culture. Table 1 summarizes
information about the proteins identiﬁed from silver-stained 1D-SDS-
PAGE gels. Proteins identiﬁed from SDS-PAGE gels included hyaluronan
and proteoglycan link protein 1, COMP and matrix metalloproteinase
3 (MMP-3), which are in agreement with previous studies from our
laboratory. Treatment with carprofen signiﬁcantly reduced the release
of IL-1b stimulated MMP-3 after 15 days in culture. Furthermore, the
release of abundant molecules decreased in all treatments after 15 days
in culture.
Table 1. Selected proteins identiﬁed from silver-stained 1D-SDS-PAGE
gels.
Protein Name Database Entry Mascot
score
Peptides
matched
Functional Role
Cartilage oligomeric matrix protein,
COMP (Equus caballus)
gi 126352424 463 12 Extracellular matrix
associated protein
involved in collagen
ﬁbril organisation
Matrix metalloproteinase 3, MMP-3
(Equus caballus)
MMP3_HORSE 513 10 Catabolic matrix
metalloproteinase,
involved in
extracellular matrix
degradation
Alpha-enolase (Homo sapiens) gi 2661039 116 3 Intracellular glycolytic
enzyme
Hyaluronan and proteoglycan link
protein 1 (Equus caballus)
HPLN1_HORSE 130 2 Provides the linkage
between hyaluronan
and proteoglycans
Conclusions: The data presented support the view that cartilage explants
continue to release proteins including COMP and MMP-3 in response
to IL-1b treatment for up to 27 days in culture. Future studies using
high-throughput proteomics may allow us to focus on lower abundance
proteins released at critical points during long-term culture experiments
with pro-inﬂammatory cytokines and anti-inﬂammatory drugs. This may
prove to be a useful strategy for identifying new biomarkers and studying
dynamic changes in the secretome of cartilage explants in response to
relevant pathophysiological stimuli.
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THE EFFECT OF AGING IN CARTILAGE ANTIOXIDANT PROTEIN
EXPRESSION AND OSTEOARTHRITIS PROGRESSION IN F344BN RATS
Y. Fu1,2, M. Kinter1, T. Grifﬁn1,2. 1Oklahoma Med. Res. Fndn., Oklahoma
City, OK, USA; 2Univ. of Oklahoma Hlth.Sci. Ctr., Oklahoma City, OK, USA
Purpose: Aging is the primary risk factor for osteoarthritis (OA), a joint
disease involving altered tissue metabolism and increased oxidative
stress. Oxidative stress is believed to contribute to OA progression
by activation of matrix degradation and inhibition of matrix repair.
A decrease in antioxidant protein expression may contribute to the
pro-oxidative state of articular cartilage; however, the cellular anti-
oxidant defense system is redundant making it difﬁcult to assess changes
in antioxidant function without a comprehensive analysis of multiple
antioxidant pathways. We utilized selected reaction monitoring tandem
mass spectrometry, a quantitative proteomics method, to determine the
effect of aging on changes in over 17 antioxidant proteins from rat knee
articular cartilage.
Methods: We studied adult (10 months, N =20) and aged (29 months,
N =19) male F344BN rats, which were purchased from NIH’s Aging
Rodent Colony. Left and right knee joints were sectioned and stained
for histological grading of cartilage OA pathology (N=8 per age). We
developed a proteomic database of target peptide sequences to identify
antioxidant protein expression. Cartilage (N=5 per age) was collected
from the femur and tibia of both knees and frozen at −80C before
analysis. For each sample, 20mg of protein was run into an SDS-PAGE gel
and digested with trypsin in the gel. The peptides were extracted from
the gel and analyzed by a LC-tandem MS system (ThermoScientiﬁc). The
mass spectrometer was operated in the selected reaction monitoring
mode. The parameters for each protein are based on the detection of the
peptides produced by the tryptic digestion.
Results: Aged rats showed signiﬁcantly more OA pathology compared to
adult rats. The average OA cartilage score of aged rats was 2-fold greater
than that for adults. OA scores were greater in the lateral compartment
compared to the medial compartment. Quantitative mass spectrometry
identiﬁed 17 antioxidant proteins that are associated with both the
mitochondria and cytosol (Table 1). The 5 highest expressed proteins in
adult rats were the same as in aged rats, which are Sod1, Gstp1, Akr1b1,
Prdx6 and Prdx2.
Conclusion: We have characterized the F344BN rat as an animal model
of aging associated knee OA. Quantitative proteomics using selected
reaction monitoring provides a novel way for us to proﬁle rat cartilage
antioxidant proteins in a single experiment. 17 antioxidant proteins are
detected in rat cartilage, with Sod, Prdx and Gst being most highly
expressed. These enzymes convert superoxide to hydrogen peroxide
and then hydrogen peroxide to water. These actions make this set of
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enzymes potential targets for studying cartilage oxidative homeostasis.
Our ongoing studies are assessing the changes.
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NOVEL BIOINFORMATIC APPROACHES FOR IDENTIFYING PUTATIVE
OA BIOMARKERS: LABEL-FREE QUANTIFICATION OF PROTEINS IN
THE SECRETOME OF ARTICULAR CARTILAGE
A.L. Swan1, K.L. Hillier1, J.R. Smith2, D. Allaway3, S. Liddell1,
A. Mobasheri1, J. Bacardit1. 1Univ. of Nottingham, Sutton Bonington, United
Kingdom; 2Bruker UK Limited, Coventry, United Kingdom; 3WALTHAM Ctr.
for Pet Nutrition, Waltham-on-the-Wolds, United Kingdom
Purpose: The aim of this study was to develop bioinformatic methods for
label-free quantiﬁcation of proteins identiﬁed in the secretome of canine
articular cartilage using high throughput tandem mass spectrometry.
Methods: Cartilage was obtained from animals euthanized for purposes
other than research. Canine cartilage explants were pre-incubated in
serum-free DMEM supplemented with 2% penicillin and streptomycin in
a CO2 incubator for 24 hours at 37°C. The explants were then incubated
alone (control media), or with recombinant canine IL-1b (10ng/ml),
the non-steroidal anti-inﬂammatory drug carprofen (Rimadyl, Pﬁzer
Animal Health, 1mg/ml) or carprofen and IL-1b combined (1mg/ml
and 10ng/ml respectively). After 5 days in culture, cell-free supernatants
were removed and representative samples were selected for proteomic
analysis. Mascot was used to analyze the data from each sample,
with the Uniprot database, and the results were imported into the
Trans-Proteomic Pipeline (TPP). TPP includes both PeptideProphet and
ProteinProphet for evaluation of the Mascot assignments. Two label-free
spectral counting based quantiﬁcation software, PepC and APEX, were
then used to analyze the output of ProteinProphet. From the APEX results
classiﬁcation models were built, using WEKA, to differentiate between
control and IL-1b samples. A number of different classiﬁers were tested
including Naive Bayes, support vector machines, C4.5, IBk and Random
Forest and were evaluated using 10-fold cross validation.
Results: The label-free quantiﬁcation methods identiﬁed a number of
proteins as signiﬁcantly different between the treatments. In particular
matrix metalloproteinase-3 (MMP-3) and thrombospondin-1 (TSP-1)
were increased in the IL-1b treated samples when compared to the
controls. This supports previously primary experimental data from
equine and canine explant models of articular cartilage. Other proteins
increased in IL-1b samples included cartilage oligomeric matrix protein
(COMP) and triosephosphate isomerase (TPIS). The classiﬁcation models
built using WEKA were able to accurately label the control and IL-1b
samples. The Naive Bayes method performed best and correctly assigned
all samples to their respective treatments. Classiﬁcation was also
performed on all four treatments, however the similarity between the
control and carprofen only treated samples decreased the classiﬁcation
accuracy.
Conclusions: The label-free quantiﬁcation methods for analysis of mass
spectrometry data discussed here have been found to be suitable for
determining potential biomarkers of OA and for differentiating between
control and IL-1b treated samples using machine learning. The methods
may now be implemented on larger datasets to support these results
and determine any further potential biomarker. The classiﬁcation method
developed may also be used to identify novel biomarkers of OA, as the
proteins used in the machine learning models were found in signiﬁcantly
different quantities across the different treatments.
Rehabilitation
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NEUROMUSCULAR ADAPTATION IN PEOPLE WITH KNEE OA
K.S. Rudolph, D. Kumar, D.S. Reisman. Univ. of Delaware, Newark, DE,
USA
Purpose: Treatment interventions aimed at restoring dynamic knee
stability are gaining popularity for people with knee OA. These
“neuromuscular training” programs involve activities that challenge knee
stability in a safe and controlled manner. The underlying premise is that
patients use trial and error practice to learn joint control strategies that
can transfer to daily activities. When a perturbation is applied to the limb
during locomotion two types of responses occur. Reactive responses
rely on sensory feedback during or shortly after the disturbance in
order to restore balance. Proactive responses are those that occur prior
to the onset of the next disturbance and are thought to minimize
the destabilization brought on by the disturbance. Proactive responses
represent the ability of the nervous system to predict the effect of
the disturbance and adapt motor output accordingly. Sensory input is
important for both responses, so people with OA who have been shown
to have impaired sensory feedback from the knee joint may be less able
to adjust their motor patterns in response to destabilizing events making
neuromuscular training less effective. The purpose of this study was to
investigate to better understand the ability of the nervous system to
adapt motor responses in spite of impaired sensory feedback from the
knee.
Methods: Knee joint motion and muscle activation patterns were
collected from 14 OA and 17 control subjects as they walked over a
platform that translated laterally 5.8 cm at a speed of 40 cm/s at heel
strike. Ten trials in which the platform remained locked and 30 trials
in which the platform translated were collected. Linear envelopes were
created from EMG from the quadriceps, hamstrings and gastrocnemius
muscles and averaged over 100msec prior to HS (preactivation) and
midstance (MSt). A Group by Condition Mixed ANOVA was used to make
the comparisons.
Results: Both OA and C subjects reacted to the ﬁrst experience of the
translation by landing in more ﬂexion with higher EMG responses
(p ≤ 0.002); no differences were observed between OA and Controls
(p > 0.05). During MSt a main effect for trial number was observed for
all variables (p = 0.000) (Figure) but no group differences or interaction
effects were observed (p > 0.05). When comparing the adaptation that
occurred in knee extension excursions and levels of muscle activation no
differences were observed by group (p > 0.05).
Conclusion: The results demonstrate similar reactive and proactive
responses to perturbations that challenge the knee in both OA and
Control subjects which suggests that sufﬁcient afferent feedback was
present to allow all of the subjects to detect the error associated with
